The essential oil showed maximum antioxidant potential, whereas oleoresins showed moderate antioxidant activity.
INTRODUCTION
At present, there is increasing consumer demand for herbal and natural products, particularly in medicines, cosmetics, and food additives. Due to possible toxicological [1, 2] effects of synthetic food additives on human health, the general trend towards reducing the use of synthetic food additives have caused great interest in nutritional research. In the literature, there are many reports on antimicrobial and antioxidant [3] [4] [5] properties of essential oils and extracts of plants. The antioxidant capacity can be explored in the food industry by using aromatic plants as a source of antioxidants to prevent the rancidity and oxidation of lipids. [6] In fact, in recent years, researchers have focused on medicinal plants for extracting natural antioxidants [7, 8] that can replace synthetic ones, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate, etc.
Zanthoxylum armatum DC (Rutaceae) is an erect shrub or a small tree commonly growing in hot valleys of the Himalayas. It is commonly known by the name 'Tomer' for 2 min. The oven temperature for oleoresins was programmed as follows: 70 • C (zero min), increased from 70 • to 280 • C at the rate of 5 • C/min and held at 280 • C for 20 min.
Antioxidant Properties
A number of different methods are necessary to adequately assess the in vitro antioxidant properties of a particular substance. Hence, several standard methods have been used to evaluate the antioxidant activity of the essential oil and oleoresins and compared them with a few synthetic antioxidants viz. BHA and BHT.
Oxidation of Mustard Oil
Sample preparation. The unrefined crude mustard oil samples (50 g each) containing 200 ppm (w/v) concentration of essential oil and oleoresins of tomer were prepared. Synthetic antioxidants, such as BHA and BHT, were also added to mustard oil at the same concentration. Mustard oil without any additive was taken as a control sample. All the samples were exposed to accelerated oxidation by incubating at 70 • C in darkness.
Peroxide value. Total peroxide and hydroperoxide oxygen content of the mustard oil samples was determined by measuring peroxide value (PV) at regular intervals according to the procedure prescribed by Horwitz. [18] An oil sample (5 g) was dissolved in 30 mL of glacial acetic acid-chloroform (3:2) solution and mixed with 0.5 mL of saturated KI solution. After 1 min, 30 mL of distilled water was added followed by titration with 0.01N Na 2 S 2 O 3 using starch as an indicator. Titration was continued, shaking the flask vigorously until the blue color just disappeared. The peroxide value (meq of peroxide/kg of oil) was calculated as:
where S is mL of Na 2 S 2 O 3 consumed and N is the normality of Na 2 S 2 O 3 . Anisidine value. The anisidine value of mustard oil samples was estimated by the method described earlier. [19] An oil sample (5 g) was dissolved in isooctane to make up the volume of 50 mL. Further, a 5 mL aliquot of this solution was mixed with 1 mL of 0.25% anisidine reagent and left for 10 min in the dark at room temperature. Absorbance of the solution was then recorded spectrophotometrically (Aimil Spectrochem NV201, Aimil Ltd., New Delhi, India) at 350 nm. A blank test, without anisidine reagent, was also performed. The anisidine value was calculated as:
where A 1 is the absorbance of blank and A 2 is the absorbance of the test sample. TBA value. The TBA value of different samples was determined according to the method previously reported by Pokorny and Dieffenbacher. [20] About 100 mg of the oil sample was dissolved in 25 mL of 1-butanol. A 25 mL aliquot of the above solution was mixed thoroughly with 5.0 mL of TBA reagent (200 mg TBA in 100 mL 1-BuOH) and incubated at 95 • C. After 2 h, the reaction mixture was cooled to room temperature under running water and absorbance was measured at 530 nm. At the same time, a reagent blank test (without TBA reagent) was also done. The TBA value (meq of malondialdehyde/g) was calculated as:
where A is the absorbance of the test sample, B is the absorbance of reagent blank, and M is the mass of the sample (mg).
Individual Complementary Assays
Total antioxidant activity (ferric thiocyanate [FTC] method). The total antioxidant activity was determined according to the FTC method [21] with some modifications. The reaction medium is a mixture of 2.5 mL solution of tomer oil/oleoresins (1 mg/100 mL in absolute alcohol), 2.5 mL of 2.51% linoleic acid emulsion, and 5 mL of 0.05 M-phosphate buffer (pH 7.0). The mixed solution (10 mL) was incubated at 40 • C in the dark. The same solution without any test substance was used as the control. The peroxide level of each sample was determined by reading the absorbance at 500 nm in a UV-VIS spectrophotometer after reaction with 0.1 mL of 20 mM FeCl 2 and 0.2 mL of 30% ammonium thiocyanate every 12 h. BHA and BHT were used as positive standards.
DPPH free radical scavenging activity. The capacity of volatile oil and oleoresins of tomer to scavenge the DPPH radical was determined by the method reported earlier. [22] For this, 1 mL of freshly prepared solution of DPPH radical solution (0.1 mM in methanol) was mixed thoroughly with 3 mL of methanolic solution of volatile oil and oleoresins (5-20 μg/mL). Then the reaction mixture was left for 30 min in the dark at room temperature to measure the absorbance, which was recorded at 517 nm. In addition, the control (without having any additive) and standards (with BHA and BHT; in place of oil and oleoresins) were also tested. The capability to scavenge the DPPH radical (% inhibition) was calculated using the following equation:
where A t is the absorbance of test sample, A b is the absorbance of blank, and A c is the absorbance of the control sample.
Ferrous ion chelating activity. The method reported by Senevirathne et al. [23] was used to determine the ferrous ion chelating activity of different tomer essential oil and oleoresins. A 200-μL amount of each essential oil/oleoresins was mixed with 0.1 mL of 2 mM FeCl 2 and 0.2 mL of 5 mM ferrozine solutions. After a 10 min equilibrium period, the absorbance was recorded at 562 nm. In fact, a complex of Fe 2+ /ferrozine showed strong absorbance at 562 nm.
Statistical Analysis
Experimental results were the means ± standard deviation of three parallel measurements (data are not shown). Significant differences between means were determined by Student's t-test by using a Microsoft Excel (Microsoft Office, India) statistical analysis program and p < 0.05 was considered as significant.
RESULTS AND DISCUSSION

Chemical Investigations
The seeds of Z. armatum were subjected to hydrodistillation to get 1.2% w/w of the essential oil. GC-MS revealed at least 38 components that could be identified representing 99.8% of the oil ( Table 1 ). The essential oil consists of linalool (62%) as the major component followed by limonene (18.1%), E-methyl cinnamate (6.5%), and myrcene (2.3%). Among oleoresins, 33 components were identified in ethanol oleoresin representing about 79.2% of the total weight; 33 components in ethyl acetate oleoresin constituting 88.3% of the oleoresin, and 26 components were identified in isopropyl alcohol oleoresin representing about 86% of the total amount of the oleoresin. The major components identified in oleoresins were linoleic acid, palmitoleic acid, linalool, oleic acid, and palmitic acid ( Table 1) , although the other components present are minor ones.
These findings are in good agreement with the previous reports [11, 24] with some variations in the constituents. The variations in the composition of the essential oil and oleoresins obtained from the same species may be due to different chemotypes [25] or may result from the environmental, developmental, genetic, or some other differences. [26] The yield and composition of essential oil and oleoresins also differ widely with the production conditions, [27] variety, cultivars, or population. [28] Moreover, it has been observed experimentally that the extraction of oleoresins in different solvents yields different components.
Antioxidant Activity
Oxidation of mustard oil. The curves in Fig. 1 show PV changes in mustard oil with different additives. It should be mentioned that the PV is a widely used measure of primary lipid oxidation indicating the amount of peroxides formed in fats and oils during oxidation. The stoichiometries for this method are:
where ROOH is a lipid hydroperoxide and ROOR is lipid peroxide. Mustard oil oxidation was measured at fixed intervals during 28 days of storage. During this time, the PV of the blank sample (control) increased from 46.7 to 185 meq kg −1 . The results given in Fig. 1 show that all the tested substances had significantly (p < 0.05) reduced the oxidation rate of mustard oil at 70 • C in terms of formation of peroxides. However, the best activity was shown by the essential oil followed by ethanol oleoresin. The activities of both these were significantly higher (p < 0.05) than BHA and BHT. The activities of the other two oleoresins were comparable to BHA but lower than BHT.
Primary oxidation products are unstable compounds that produce a number of secondary products, such as alkanes, alcohols, aldehydes, and acids. Many of these secondary oxidation products are highly reactive themselves and may initiate the oxidation chain processes. Hence, it was necessary to determine simultaneously the changes in the concentration of the secondary oxidation products after every 7 days with the measurement of PV. Percentages are the mean of three runs and were obtained from electronic integration measurements using a selective mass detector. The anisidine value represents the level of aldehydes, principally 2-alkenals, in the oils. Figure 2 shows the anisidine values of various mustard oil samples at different time intervals during the storage. The values obtained are in good correlation with peroxide values of the same samples. The essential oil and ethanol oleoresin had shown significantly higher (p < 0.05) activities than BHA and BHT. However, the activities of methanol and isopropanol oleoresins were found to be comparable to those of BHA but significantly lower (p < 0.05) than that of BHT. Malondialdehyde (formed by the decomposition of peroxides during the oxidation process, is also used as an index of lipid peroxidation) reacts with TBA to form a pink chromogen that is measured spectrophotometrically: Figure 3 shows that the volatile oil and ethanol oleoresin had significantly (p < 0.05) lowered the TBA value than the control. Moreover, their activities were also significantly (p < 0.05) higher than those of BHA and BHT. The activities of the other two oleoresins were also good but there was no any significant (p < 0.05) difference between them and the synthetic compounds. From Figs. 1-3 , it can be interpreted that the essential oil and oleoresins of tomer can control both primary and secondary oxidation processes and their antioxidative potentials were found to be better than BHA, and in a few experiments, better than BHT also.
Individual complementary assays. The peroxide level during the initial stages of lipid peroxidation was measured using the emulsified linoleic acid system. The inhibitor activities against lipid peroxidation in linoleic acid caused by additives were evaluated by measuring concentration of ferric thiocyanate. Oxygen is needed for linoleic acid oxidation and converts it to the lipid hydroperoxide: [29] COOH OOH COOH O 2
Linoleic acid
Linoleic Hydroperoxide
The hydroperoxide is being very active and attacks other molecules very easily. It is well known that antioxidants perform their inhibition by various mechanisms, such as peroxide decomposition or chain stopping. [30] Figure 4 is concerned with the absorbance values measured for different samples. A low absorbance value indicates a high level of antioxidant activity. The values obtained without an additive were taken for 100% lipid peroxidation. From Figure 4 , it is evident that there was a significant (p < 0.05) difference between the blank and the antioxidants. The activity of essential oil was found to be better than the synthetic ones. Moreover, the results were well correlated with those obtained previously by PV and TBA methods. As is clear from Fig. 5 , the essential oil, oleoresins, and the reference compounds were all able to reduce the stable radical DPPH to the yellow-colored diphenylpicrylhydrazine. The strongest effect was observed for the essential oil. The scavenging effect of tested substances on DPPH radicals increased with increasing concentrations (5-20 μg/mL). According to Fig. 5 , essential oil (20 μg/mL) exhibited 98.5% scavenging activity, which was significantly (p < 0.05) higher than that of the oleoresins, BHA, and BHT at the same concentration. The activity of ethanol oleoresin was also significantly higher (p < 0.05) than BHA and BHT, while the activities of the other two oleoresins were higher than BHA but lower than BHT. Przybylski et al. [31] have reported that extracts isolated with polar solvents could contain higher amounts of compounds, which act as H-donors and CHEMISTRY AND ANTIOXIDANT PROPERTIES OF TOMER 297 showed a higher antioxidant activity. When an antioxidant is added to the radicals, there is a degree of decolorization owing to the presence of the antioxidant, which reverses the formation of radicals:
Metal chelating capacity is significant since it reduces the concentration of the catalyzing transition metal in lipid peroxidation. The chelation of ferrous ions by the components of essential oil, oleoresins, and commercial antioxidants was estimated by the ferrozine assay and the results are shown in Fig. 6 . Among the tested substances, essential oil showed the highest chelating activity, which is significantly higher (p < 0.05) than that of BHA and BHT. The second highest activity was shown by ethanol oleoresin followed by isopropanol oleoresin, which is significantly higher (p < 0.05) than the value for BHA but lower than BHT. The activity of methanol oleoresin is higher (p < 0.05) than BHA but lower than BHT. The Fe +2 chelating properties of the antioxidant substances may be attributed to their indigenous chelating agents, mainly phenolics. Certain phenolic compounds have properly oriented functional groups, which can chelate metal ions. [32] Moreover, the antioxidative properties of essential oil and oleoresins may be partially related to their iron binding capacity.
According to the data obtained from the present study, essential oil and ethanol oleoresin of tomer seeds were found to be effective antioxidants in different in vitro assays when compared to standard antioxidant compounds. The effectiveness of additives not only depends on their structural features but also on many other factors, which include nature of the lipid system, the temperature, and the binding of fatty acids. [33, 34] However, it is very difficult to give a definite explanation for all the results obtained within the scope of the present study. There are many reports that emphasize that the phenolic group plays an important role in antioxidant activity. [14, 15, 35] Hence, the presence of linalool, a phenolic compound, in major quantity in essential oil and oleoresins of tomer (Table 1 ) may be responsible for their antioxidant properties. Moreover, the composition of essential oil and oleoresins is very complex, consisting of various classes of organic compounds; therefore, it is possible that several compounds of different polarity may contribute to the antioxidant activity. It has been reported [36] that most of the natural antioxidative compounds work synergistically with each other to produce a broad spectrum of antioxidant activities that create an effective defense system against free radical attack. The observed variations in the antioxidant potential of essential oil and oleoresins of tomer may be due to different polarity of volatile and non-volatile compounds, both possessing antioxidant activity, which are present in the extracts. The yield and antioxidant activity of natural extracts is also closely dependent on the solvent used for extraction [37] and on the methodical principles used for the assessment of antioxidant activity. And finally, heat-and water-induced chemical reactions can also change the activity of numerous compounds with different chemical and physical properties.
CONCLUSIONS
In conclusion, volatile oil and ethanol oleoresin of tomer seeds were found to be effective antioxidants. The results indicate that these are as potent as those of known antioxidants (BHA and BHT). Herbs and spices possessing antioxidant activity, such as tomer, would not only be very useful to maintain food freshness and taste, but also to alleviate diseases by preventing oxidative deterioration.
